Antitumor Platinium(IV) Prodrugs: A Systematic Computational Exploration of Their Reduction Mechanism by l-Ascorbic Acid.
The reduction mechanism of Pt(IV) anticancer prodrugs, still today a matter of debate, assisted by one of the dominant reductants in human plasma, that is l-ascorbic acid in its monodeprotonated form, has been computationally examined in this work. In order to check what should be the influence on the reduction rate of the identity of the ligands in axial and equatorial position, both cisplatin and oxaliplatin derivatives have been studied, varying the ligands in axial position in connection with the role they should play as bridges, trans leaving species, and proton acceptors. OH, OAc, Cl, and Br ligands have been tested as bridging/leaving ligands, whereas Cl and aspirin have been used as trans labile and less labile ligands, respectively. The most recent theoretical and experimental investigations have demonstrated that the generally adopted grouping of reduction mechanisms into inner- and outer-sphere does not properly take into account all the viable alternatives. Therefore, inner-sphere mechanisms, classified as ligand-bridged, ligand-bridged-H transfer and enolate β-carbon attack, have been explored for all the complexes under investigation. Concerning the outer-sphere mechanism, redox potentials have been calculated adopting a recently proposed procedure based on the separation between electrochemical and chemical events to evaluate their propensity to be reduced. Moreover, according to the hypothesis that the outer-sphere reduction mechanism involves the sequential addition of two electrons causing the formation of a Pt(III) intermediate, the possibility that singlet and triplet pathways can cross for the Pt(IV) cisplatin derivative having two chlorido ligands in axial position has been explored in detail. Results show that the mechanism indicated as base-assisted outer sphere can become competitive with respect to the inner one if two singlet-triplet spin inversions occur. Results presented here are helpful in addressing synthetic strategies as they show that Pt(IV) prodrugs propensity to be reduced can be properly tuned and give indications on how this aim can be accomplished.